The reaction of (C^N 
and the emission maxima follow the energy sequence 2a < 3a < 4 < 5 < 6a < AuH ≈ 8a for the pyrazine series, and 2b < 3b < 6b ≈ 8b for the pyridine series. These values provide a correlation with the pKa values of the corresponding ancillary ligand precursors. In agreement with DFT calculations, the emissions are assigned to 3 IL(C^N^C)/ 3 ILCT {(C6H4
Introduction
Cyclometalated Gold(III) complexes, particularly those based on cyclometalated bidentate 2-arylpyridine (C^N) and tridentate 2,6-diarylpyridine ligands (C^N^C) have proved to be highly successful ligand platforms in Au(III) chemistry, since they impart good thermal stability and protect the gold(III) centers against reduction. 1 Complexes of this type also exhibit rich photophysical properties that form the basis for application as sensors, bioimaging agents and as emitter materials in organic light-emitting diodes (OLEDs). dd excited states can provide effective deactivating pathways for the photoemissions in these systems. 3, 4 This has limited the range of photoluminescent complexes almost exclusively to those with strong carbon-based σ-donors in the ancillary positions, such as Y = alkyl, aryl, alkynyl, cyanide or Nheterocyclic carbenes. [5] [6] [7] These strong σ-donating ligands push the gold 5d σ* orbital to higher energies, so that the emissive 3 IL(C^N^C) transitions centered on the pincer π-system become accessible. The colour of the emission is determined by the electronic properties of the cyclometallated ligand. The successful modulation of the photoluminescence (PL) wavelengths by ligand design and varying the combination of substituens has also been reported. 8, 9 However, with this approach the synthesis protocol of each complex has to be optimized individually, including the time consuming optimization of the mercuration and transmetallation steps.
In some of these cases, and depending on the ancilliary ligand Y, a contribution of ligand-toligand charge transfer (LLCT) to the emission has been also observed. This is particulary true for the extensively studied family of cyclometalated (C^N py^C ) gold alkynyl complexes. 10, 11 A wide range of alkynyl substituents has been used to modulate emission energies. 12 However, the success of this strategy has been limited for two main reasons: (a) if the emission of the system is purely centered on the cyclometallated ligand, the presence of different substituents on the alkynyl ligand has little effect on the relative energy of the C^N^C centered orbitals; and (b) if there is a relevant LLCT (C^N^C → C≡CR) contribution, it becomes difficult to predict the colour of the emission on the basis of the Crystals suitable for X-ray diffraction were grown for complexes 2a, 2b, 3a, 6a and 7a. There are three different molecules of 3a in the asymmetric unit. One of them is depicted in Figure 1b Au(III)-C(sp 3 ) bonds. 21, 22 The main difference between the three independent molecules in the asymmetric unit cell is the N1-Au-C25-H25 torsion angle, which is 25 for molecule 1 (Figure 1b) , and 24 and 58 for the other two molecules.
The disposition of the acetylacetonyl ligands in these molecules is determined by the requirement to accommodate intermolecular interactions in the solid state. These interactions are mainly O···H hydrogen bonds that involve the oxygen atoms of the acetylacetonate ligands and H atoms of neighboring molecules. In addition, the crystal lattice shows the presence of large voids, which are occupied by hexane molecules, with positional disorders so that they could not be included in the model. The analysis with PLATON reveals a volume of 591 Å 3 for this void. Using SQUEEZE to address these disorder problems resulted in two hexane molecules in the unit cell.
The crystal structure of 6a is depicted in Figure S2 , and selected distances and angles are given in the legend. The structural parameters are very similar to those of complex 3a, including the Au-C25 distance of 2.058(3) Å, typical for Au-C alkyls.
In the crystal structure of 2a the first feature to note is the existence of a positional disorder in the carbon atom of the CH(CN)2 ligand. This atom is equally positioned in two very similar locations that have been defined as C25A and C25B. The structural parameters are very similar between both; in Figure 1a we show the one corresponding to C25A. For both malonitrile complexes 2a ( Figure 1a) and 2b ( Figure S1 ) the reduced donor character of the -CH(CN)2 ligand is reflected in the relatively long Au-C(alkyl) distances of 2.11(2) Å (2a) and 2.084 (4) To extend the series of alkyl subsituents to more strongly electron-donating alkyls we synthesized the methyl derivatives 8a and 8b by reacting the corresponding trifluoroacetate complexes 7a and 7b with MeMgBr in THF, by adaptation of previously reported protocols (Scheme 2). 22, 23 The X-ray structure of 7a (see SI, Figure S3 ) is very similar to the one previously reported for the pyridine analogue. . The formation of complex 8a was confirmed by 1 H NMR spectroscopy, the data resemble those of the previously reported complex 8b.
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Photophysical Properties. The photophysical properties of the complexes are conditioned by the cyclometalated ligand. The most relevant feature in the UV-Vis absorption spectra is the lowenergy band characteristic of this type of complexes and typically attributed to 1 IL(C^N^C) transitions (Table 1) .
The pyrazine complexes are significantly more strongly emissive than their pyridine analogues.
In polymeric media the complexes show emission profiles that resemble those observed in the solid state, but with narrower bands, higher intensities and better resolution. The photophysical properties of the complexes in the solid state, in poly(methylmethacrylate) (PMMA) containing 10 wt-% Au compound, and in dichoromethane solution are collected in Table 2 . The emissions of 2b and 3b in a PMMA matrix were too weak to be measured. Both the low-energy absorptions and the emissions of the pyrazine complexes are red-shifted compared to the pyridine analogues, as expected. This shift reflects the differences in the π-π* energy gap, which is 0.95 eV lower for pyrazine than for pyridine. 24 The emissions are assigned to 3 IL(C^N^C) transitions. This is in line with the C^N^C vibronic progression of the spectra in all cases, which is similar in energy to the vibronic progression of the low energy absorptions.
When comparing complexes of the same cyclometalated C^N^C ligand, the wavelengths of the low energy absorption band follow the trend: 2a < 3a < 4 < 5 < 6a < 8a in the pyrazine series. This parallels the pyridine series: 2b < 3b < 6b < 8b (see Figure 2a) . The emission maxima are similarly affected by the electronic nature of the ancillary ligand Y. In the solid state the shift is not clearly noticeable, presumably due to the fact that the bands do not show a good spectral definition. However, in CH2Cl2 glass at 77 K the emissions show the same trend as the absorptions: 2a (548 nm) < 3a (540 nm) < 4 (532nm) < 5 (528 nm) < 6a (524 nm) < 8a (520 nm) (Figure 2b ). In CH2Cl2 solution at room temperature the situation is more complex. As can be seen in Figure 5 for some illustrative examples, the emission is the result of the sum of two components: the The energy of the 3 IL(C^N^C) band in fluid media also follows the trend of the electronic properties of the ancilliary ligands found in PMMA and in frozen CH2Cl2 at 77 K (for example 528 nm 2a < 520 nm 5 < 511 nm 8a). As mentioned before, the pyridine series shows higher energy emissions compared to the pyrazine analogues. This is true not only for the triplet emissions (for example 511 nm 8a vs. 471 nm 8b) but also for the higher energy 1 IL(C^N^C) transitions (484 nm 2a
vs. 440 nm 2b) and further supports this assignment. Theoretical Calculations. Computations have been performed at the density functional theory (DFT) level with the aim of rationalizing the correlation of the low energy absorption and the emission maxima with the electronic properties of the ancilliary ligand. To reduce the complexity of the systems, the tBu substituents of the cyclometallated ligands have been omitted. We refer to this with an asterisk next to each complex number. Details of the calculations can be found in the SI.
These calculations establish that the lower energy absorption, related to the S0→S1 transition, can be assigned in all cases to an almost pure HOMO-LUMO monoelectronic excitation (see Table   S2 ). As can be seen in Figures S6 and S7 , in all cases the HOMO is localized in the pincer with only a small contribution from the Au center. The LUMO, in contrast, is mainly centered on the heterocyclic central ring (see Figure 6 for an illustrative example for 2a*). Both frontier molecular orbitals are raised in energy as the electron-donating character of the σ-bonded ligand Y increases (Table 3) . However, since the LUMO is centered on the central heterocycle (pyridine or pyrazine) the ligand trans to this ring has a strong influence on its energy. The LUMO is therefore destabilized to a larger extent than the HOMO, resulting in an increased HOMO-LUMO gap with increasing electron-donating character of Y (for example 4.14 eV 2a* vs. 4.20 eV 6a*). As can be seen in Figures 7a and 7b , for both the pyrazine and the pyridine series there is a linear correlation between the experimental lowest energy absorption band of the complexes in CH2Cl2 with the calculated HOMO-LUMO gaps. Given that, as mentioned above, the S0→S1 transitions were found to be almost pure HOMO-LUMO excitations, a similar correlation is found between the experimental absorptions and these transitions (see Figures S8 and S9 ). While these calculations work provide a good model for such subtle chemical modifications, we did notice a general tendency to slightly overestimate (by about 8%) the energy of the S0→S1 transition compared with the experimental absorption bands; point checks showed that this overestimation is reduced to ~ 5% if the tBu substituents are included in the model. 
Experimental
When required, manipulations were performed using standard Schlenk techniques under dry nitrogen or using an M. Braun glove box. Nitrogen was purified by passing through columns of supported P2O5
with moisture indicator, and of activated 4 Å molecular sieves. Anhydrous solvents were freshly distilled from appropriate drying agents. Infrared spectra were recorded using a Perkin Elmer 22 The assignment of the signals for the C^N^C ligand framework is as shown in Figure 8 . Compounds 2 -6 were synthesized without exclusion of air and moisture, compounds 7 and 8 were prepared under dry nitrogen. 
(C^N pz^C )Au{CH(CN)2} (2a)
A mixture of (C^N pz^C )AuCl (50 mg, 0.087 mmol), malodinitrile (57 mg, 0.87 mmol) and KO t Bu (15 mg, 0.13 mmol) in toluene (5 mL) was stirred overnight at room temperature. The solvent was evaporated and the yellow solid residue dissolved in dichloromethane and filtrated. The solvent was then removed and the resulting solid washed with cold hexane to
give the pure product as a yellow powder (35 mg, 0.058 mmol, 67 % yield). 
